Seasonal blood pressure (BP) changes have been found to be related to either outdoor or indoor temperature. No information regarding the independent effects of temperature measured proximally to the patient, the personal-level environmental temperature (PET), is available. Inclusion of daylight hours in multivariate analysis might allow exploring the independent interaction of BP with seasonality. To investigate whether ambulatory BP monitoring is affected by PET or by seasonality, 1897 patients referred to our hypertension units underwent ambulatory BP monitoring with a battery-powered temperature data logger fi tted to the carrying pouch of the monitor. Predictors of 24-hour daytime and nighttime BP and of morning BP surge were investigated with a multivariate stepwise regression model, including age, sex, body mass index, antihypertensive treatment, offi ce BP, ambulatory heart rate, PET, relative humidity, atmospheric pressure, and daylight hours as independent variables. At adjusted regression analysis, daytime systolic BP was negatively related to PET ( − 0.14; 95% confi dence interval, − 0.25 to − 0.02); nighttime BP was positively related to daylight hours (0.63; 0.37 -0.90); and morning BP surge was negatively related to daylight hours ( − 0.54; − 0.87 to − 0.21). These results provide new evidence that PET and seasonality (daylight hours) are 2 independent predictors of ambulatory BP monitoring. ( Hypertension . 2013;61:XXX-XXX.)
P revious studies of the relationship between seasonality and blood pressure (BP), showing higher values in winter than in summer 1 -3 , have relied on measures of ambient temperature. 4 -6 However, this is an unreliable marker given that people generally spend most of their time indoors in regulated environments where the temperature is held constant. It is therefore likely that any relationship between season and BP that has been reported heretofore may be not only to temperature but also to the effects of other associated factors related to season. 7 -9 Environment-related BP variability is indeed a dynamic phenomenon, including short-term and long-term fl uctuations which cannot be adequately assessed by studies focusing on air temperature only. 10 Devices that able to allow personal-level environmental temperature (PET) monitoring are now available, and the possibility to combine ambulatory BP (ABP) monitoring with continuous recording of air temperature at the subject ' s level might give an insight.
The present study was thus prospectively designed to investigate the independent contribution of PET, and seasonality, expressed by daylight hours, on 24-hour systolic BP (SBP), daytime BP, nighttime BP, and morning BP surge in subjects referred to a hypertension unit.
Methods

Subjects
Outpatients referred for ABP monitoring to the Hypertension Clinics of the Clinica Medica of the University of Florence and of the Istituto Auxologico Italiano, University of Milano-Bicocca, from May 2005 to February 2007, were considered for the study. Inclusion criteria were availability of both clinic and ABP measurements; ABP recordings of good quality according to predefi ned criteria (≥80% of valid readings, ≥2 valid measurements per hour during daytime, and ≥1 valid measurement per hour during nighttime); data on age, sex, height, weight, and antihypertensive treatment; properly fi lled-in log book reporting working activities during the daytime and sleeping times. Subjects affected by clinically manifest cardiovascular or systemic diseases or those with altered nighttime sleep either because of shift work or disturbed by the ABP recording were excluded. Accordingly, we excluded 82 subjects from the study because their ABP recordings covered < 20 hours or because a lower than the present number of measurements was available 11 ; 107 subjects because of incomplete data collection; 34 subjects because their sleep was severely disturbed by the ABP recording; and 18 subjects because ABP monitoring was performed while they were engaged in night work shifts. Therefore, a total of 1897 outpatients were investigated after obtaining their written informed consent ( Table 1 ) . The study was approved by our institutional review committees and adheres to the principles of the Declaration of Helsinki and Title 45, US Code of revious studies of the relationship between seasonality and blood pressure (BP), showing higher values in winter than , have relied on measures of ambient tempera-However, this is an unreliable marker given that people generally spend most of their time indoors in regulated environments where the temperature is held constant. It is therefore likely that any relationship between season and BP that has been reported heretofore may be not only to temperature but
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ABP Monitoring
Validated ambulatory devices (SpaceLabs SL-90207, and Takeda A & D TM-2420) 12 , 13 were programmed to record BP at 15-minute and 20-minute intervals over the daytime and the nighttime, respectively. 11 The fi rst 24 hours were processed for analysis, and no editing was performed after data acquisition. Systolic and diastolic ABP and heart rate (HR) values were averaged over each hour of the recording, over the daytime (from 08:00 -20:00 hours), over the nighttime (from 01:00 -06:00 hours), and over the entire 24-hour periods. 11 Among patients under antihypertensive treatment, those with average 24-hour BP < 130/80 mm Hg, average daytime BP < 135/85 mm Hg, and average nighttime BP < 120/70 mm Hg were defi ned as controlled hypertensive patients. 14 Morning BP surge was calculated according to Kario et al 15 as the difference between morning SBP and the lowest nighttime SBP. Accordingly, the difference between morning PET and the lowest nighttime PET was calculated ( ∆ PET).
Meteorologic Data
Meteorologic data measured at the local offi ces of the National Climatic Data Observatory for the periods during which ambulatory BP measurements were performed included daily minimum, maximum, and average (24 hours, daytime, and nighttime) outdoor temperatures (Ta, ° C) and atmospheric pressure (hPa), and relative humidity (%). 11 On the basis of meteorologic classifi cation of seasons, the spring season was considered to begin on the fi rst of March, with each season occupying 3 months (summer starting on June 1, autumn on September 1, and winter on December 1).
A battery-powered temperature data logger ("HOBO", Temperature Data Logger, Onset Computer Corporation, Bourne, MA) was fi tted to the carrying pouch of ABP monitors. The temperature sensor has a measurement range of − 20 ° to 70 ° C ( − 4 ° to 158 ° F) with an accuracy of ± 0.7 ° C ( ± 1.27 ° F) and a resolution of 0.4 ° C (0.7 ° F) at 21 ° C (70 ° F). The instrument was programmed to record ambient temperature at 1-minute intervals over all the 24-hour period.
Statistical Analysis
Data were analyzed using SPSS software (version 18, SPSS Chicago, IL). Data are expressed as means ± SD or proportions, with comparisons performed using 1-way ANOVA, or χ 2 tests, as required.
Multivariate linear regression was used to identify independent predictors of BP. Average outdoor temperature (Ta) and daylight (h) were found to be affected by serious multicolinearity (variance infl ation factor > 3). Therefore, average Ta was not included in statistical models. The potential impact of PET and seasonality (daylight hours) on 24-hour SBP, daytime BP, nighttime BP, and morning BP surge was investigated by multivariate stepwise linear regression analysis. More precisely, the independent variables included in a model were continuous variables, such as PET ( ° C), age (years), body mass index (kg/m 2 ), HR (bmp), offi ce BP (mm Hg), atmospheric pressure (hPa), relative humidity (%), and daylight (h) with categorical variables, such as sex (dichotomous: men/women), drug treatment (dichotomous: treated/untreated), and geographical location (Florence or Milan). Further detailed multivariate linear regression analyses, including the same variables, were addressed to investigate the potential temperature and seasonal effect on nighttime SBP according to antihypertensive treatment and to the age group (subjects aged < 50 years and > 65 years). Coeffi cients of regression ( β ) with 95% confi dence limits and variance infl ation factor are reported. A P < 0.05 was taken as the minimum level of statistical signifi cance throughout the article.
Results
Clinical Characteristics of Study Subjects
The characteristics of subjects fulfi lling the inclusion criteria are reported in Table 1 . Overall 1245 subjects were treated with antihypertensive drugs. Allocation to antihypertensive treatment was higher in subjects aged > 65 years than in subjects aged < 50 years ( P < 0.001 at Fisher exact test). Table 2 shows seasonal variations of demographic, clinic, and meteorologic variables and drug treatment. Monthly average outdoor and personal-level temperatures, and daylight hours are reported in the Figure . 
Interaction Between Air Temperature and Daylight Hours With BP
Ambulatory BP
At multivariate linear regression analysis, daytime SBP fell by 0.14 mm Hg (95% confi dence limit, − 0.25 to − 0.02) for each ° C increase in daytime PET. Regression analysis identifi ed also female sex as negative predictor, HR being identifi ed as positive predictor of 24-hour and daytime SBP ( Table 3 ) .
Differently, average nighttime SBP was found to be significantly affected by seasonality rather than by temperature being associated with an increase of 0.63 mm Hg (95% confi dence ( Table 4 ) . Body mass index, humidity, and atmospheric pressure were never selected as independent predictors of ABP.
When younger and older subjects were separately considered, in subjects aged > 65 years, a signifi cant association between PET and 24-hour SBP was also observed at multivariate regression analysis. Conversely, in subjects aged < 50 years, 24-hour SBP was not signifi cantly associated with PET ( Table 5 ) .
Morning BP Surge
Overall, when variables potentially affecting morning BP surge were explored, an increase of 1 daylight hour was found to be associated with a morning BP surge reduction of 0.54 mm Hg (95% confi dence limit, − 0.87 to − 0.21; Table 3 ). The relationship was affected by drug treatment. More precisely, in treated subjects, an increase of 1 daylight hour was associated with a morning BP surge reduction of 0.74 mm Hg (95% confi dence limit, − 1.20 to − 0.28), whereas the association was nonsignifi cant in untreated subjects ( − 0.14; − 0.70 to 0.67; P =0.968).
Discussion
Our study for the fi rst time provides evidence that air temperature measured at personal level negatively affects daytime SBP, whereas seasonality mainly affects nighttime SBP (with daylight hours as positive predictor) and morning BP surge (with daylight hours as negative predictor).
Our study has some important merits when compared with all previous articles investigating the effects of air temperature on BP. First, ABP measurements were considered; and second, the effect of air temperature measured at personal level was precisely assessed, rather than referring to outdoor or indoor temperature only. Several previous articles have indeed shown that clinic BP undergoes seasonal variations, with lower values in summer and higher values in winter months without the possibility to discriminate between changes induced by temperature and seasonality. 1 -6 In the present study, daylight hours were included in the model, thus allowing to investigate the weight of seasonality using a continuous variable independently from the air temperature. A season is a subdivision of the year, marked by changes in hours of daylight. The number of daylight hours, such as the weather and the ecology, represent a fundamental parameter to characterize seasons. A signifi cant effect for air temperature measured at personal level on daytime ABP was also shown. The direct effect of PET on 24-hour SBP was evident in subjects aged > 65 years, thus indicating that temperature-associated 24-hour ABP changes are more pronounced with aging. On the contrary, the inclusion of 24-hour HR allows limiting the possible confounding effects of differences in physical exercise. This cross-sectional and observation survey indicates that health interventions targeted at better protection against cold weather (eg, improved home heating and reduced exposition to cold climate) may be particularly effective in the elderly. 16 -18 The observation that seasonality expressed by daylight hours is positively related with nighttime SBP extends our previous observation, 19 recently confi rmed by others, 20 that hot days, more frequently encountered in summer, are associated with increased nocturnal BP levels. Although subjects did not report signifi cant restlessness in their log book, we cannot exclude that heatinduced mild perturbations in sleep quality may have played a role. The presence of PET and daylight hours in the model allows independently weighting seasonal variations and air temperature. Therefore, SBP increase at nighttime seems to be mainly related to seasonal changes rather than to increase in air temperature.
The main mechanisms by which exposure to high temperatures reduces average BP in populations probably refl ect short-term physiological adaptations to the temperature with arteriolar vasodilation and reduced peripheral resistance. The contribution of this mechanism might be supported by the better relationship observed in the elderly between 24-hour SBP and PET than that observed with seasonality (daylight hours). On the contrary, the positive relationship between daylight hours and nighttime BP suggests the potential contribution of other environmental factors. In addition to air temperature, any seasonal variation in salt intake, adiposity, or physical activity could potentially also lead to changes in BP. Generally, people lose weight in summer. However, in the present study, there was selected as independent predictors of ABP. When younger and older subjects were separately considered, in subjects aged > 65 years, a signifi cant association between PET and 24-hour SBP was also observed at multivariate regression analysis. Conversely, in subjects aged < 50 years, 24-hour SBP was not signifi cantly associated with PET
Morning BP Surge
Overall, when variables potentially affecting morning BP surge were explored, an increase of 1 daylight hour was found to be associated with a morning BP surge reduction of 0.54 mm Hg (95% confi dence limit, − 0.87 to − 0.21; Table 3 ). The nifi cant effect for air temperature measured at personal level on daytime ABP was also shown. The direct effect of PET on 24-hour SBP was evident in subjects aged > 65 years, thus indicating that temperature-associated 24-hour ABP changes are more pronounced with aging. On the contrary, the inclusion of 24-hour HR allows limiting the possible confounding effects of differences in physical exercise. This cross-sectional and observation survey indicates that health interventions targeted at better protection against cold weather (eg, improved home heating and reduced exposition to cold climate) may be particularly effective in the elderly. 16 -18 The observation that seasonality expressed by daylight hours is positively related with nighttime SBP extends our previous observation, by guest on July 12, 2017 http://hyper.ahajournals.org/ Downloaded from no relationship between body mass index and BP changes, so it is unlikely that the observed large BP variation was importantly confounded by these factors. We have no direct information on diet changes, alcohol, vegetable, and salt intake, being other potential determinants of BP changes. Coupled with reduced fl uid intake, with advancing age, there is a decrease in total body water. Because of their low-water reserves, the elderly subjects are told to learn to drink regularly when not thirsty and to moderately increase their salt intake when they sweat. 21 The independent association between BP increase at nighttime in the elderly and daylight hours might stay against this simplistic explanation. The large majority of experimental studies are indeed confi ned to short-term (up to few days) exposition of aged subjects to high temperature, whereas no information is available on blood volume adaptation in the long term. It might thus be hypothesized that blood volume adaptation, resulting in BP increase at nighttime, might occur in the long term. This response might be modulated between spring and summer because the nighttime BP levels are highest in spring, although the daily hours of light show the highest level in summer.
In the International Cooperative Study on Salt, Other Factors, and Blood Pressure (INTERSALT), BP was also observed to rise at increasing distances from the equator, 22 and a possibility that UV light intensity and epidermal vitamin D3 photosynthesis may contribute to geographic variability in BP and the prevalence of hypertension was hypothesized. 23 Further studies investigating seasonal BP changes in the equator regions, where temperature and day light are constant, or in regions located at high latitudes, where there are large variations with season, are needed.
Study Limitations
We acknowledge that our study has some limitations. First, the study design was cross-sectional, with different subjects being examined in the different months of the year, with the possibility of noise in the assessment of air temperature effects on BP. This limitation would be addressed in future studies based on repeated measurements according to a longitudinal design and focusing on the assessment of temperature and BP changes within single individuals. However, our study was large enough to make chance fi ndings less likely. In this context, we have to specify that subjects included in our study were referred to us by their family doctor or by insurance companies in the frame of a general assessment of their cardiovascular risk. This allowed us to include also real normotensives (both clinic and ABP within normal limits). In a minority of cases, the fi nding of normal clinic and ABP corresponded to the occasional observation of elevated BP values in their family physician ' s offi ce, probably because of a white-coat effect, which was not confi rmed at our clinic visits. Therefore, we acknowledge that our data refer to a population of patients referred to hypertension clinics and, thus, is not representative of a general population.
Perspectives
Although the single independent contribution of all environmental factors linked to seasonality can be hardly investigated, present data give insights on the possibility to discriminate cardiovascular changes induced in the short term by air temperature from those induced by seasonality in the mediumlong term as assessed by light hours. These fi ndings may also In the International Cooperative Study on Salt, Other Factors, and Blood Pressure (INTERSALT), BP was also rise at increasing distances from the equator, 22 and a possibility that UV light intensity and epidermal vitamin D3 photosynthesis may contribute to geographic variability in BP and the prevalence of hypertension was hypothesized. 23 Further studies investigating seasonal BP changes in the equator regions, where temperature and day light are constant, or in regions located at high latitudes, where there are large variations with season, are needed.
Study Limitations
We acknowledge that our study has some limitations. First, assessment of their cardiovascular risk. This allowed us to include also real normotensives (both clinic and ABP within normal limits). In a minority of cases, the fi nding of normal clinic and ABP corresponded to the occasional observation of elevated BP values in their family physician ' s offi ce, probably because of a white-coat effect, which was not confi rmed at our clinic visits. Therefore, we acknowledge that our data refer to a population of patients referred to hypertension clinics and, thus, is not representative of a general population.
Perspectives
Although the single independent contribution of all environ-by guest on July 12, 2017 http://hyper.ahajournals.org/ Downloaded from have relevant clinical implications. The negative effect of air temperature exerted in the short term is combined with the positive effects on BP of the progressive increase in daylight hours from winter to summer. This pattern clearly gives reasons for the risk of marked BP reduction when early increase in air temperature ensues in spring, whereas risks progressively reduce during the progression of summer. Likewise, the effects of outdoor air temperature reduction may be more relevant in autumn. The need of a more frequent use of ABP monitoring in monitoring the antihypertensive treatment in elderly patients under conditions of unstable and often extreme temperature exposures is, thus, further supported by our data especially in the light of the debate on the possible effects on health of current world climate change.
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What Is New?
• This is the fi rst study, free from the bias of exposure misclassifi cation, showing the negative association between environmental temperature and daytime systolic blood pressure (BP) and the independent effect of seasonality on nighttime systolic BP and morning BP surge.
What Is Relevant?
• Present data give insights on the possibility to discriminate BP changes induced in the short term by temperature from those induced by seasonality in the medium-long term.
Summary
The negative effect of temperature exerted in the short term on daytime BP is combined with the positive effects on nighttime BP of the progressive increase in daylight hours from winter to summer. The need of a more frequent use of ambulatory blood pressure monitoring in assessing the effects of the antihypertensive treatment is, thus, further supported, especially in the light of the debate on current climate change.
Novelty and Signifi cance
